Did you know that we have better maps of the moon, Mars, and Venus than we do of the seafloor on Earth? Since oceans cover 71% of the Earth's surface, understanding what the seafloor looks like, and where different processes, such as ocean currents are active, is hugely important. Mapping the seafloor helps us to work out things like where different types of fish live, where we might find resources, such as rare metals and fossil fuels, and whether there is a risk of underwater landslides happening that might cause a tsunami. Mapping the seafloor is very challenging, because we cannot use the same techniques that we would use on land. To map the deep ocean, we use a tool called a multibeam echo-sounder, which is attached to a ship or a submarine vessel.
But why do we need maps of the seafloor? The most obvious answer is to help ships find their way around. Although most vessels travel along at the sea surface, they need to be aware of hazards under the water, like rocks and shallow banks where they might run aground. For vessels that travel under the water, like submarines, it is even more important to have accurate maps, so they can navigate and avoid hazards. It is also important to know where these hazards are when we plan to build offshore structures, such as piers and wind turbines, so that we know they will be built on suitable foundations. Seafloor maps help us understand processes, such as ocean currents. Ocean currents are huge conveyor belts of fast-moving water, driven by differences in ocean temperature and salinity (saltiness) [2] . The strongest current system is called the Antarctic Circumpolar Current, which is the only current to link all the major oceans as it flows all the way around the world [2] . Features under the water, such as submarine volcanoes and canyons, can influence where these currents flow. So, if we know where these underwater features are, we can more accurately predict where the currents will go and how they will behave. Ocean currents are also very important because they help control our weather and climate. Maps of the seafloor are also useful tools for answering a wide range of other scientific questions, such as finding out where certain types of fish like to live, how new volcanoes can form at the bottom of the ocean, and where we might find natural resources, such as oil and gas.
HOW DO WE MAP THE SEAFLOOR?
On land, we can map the landscape quickly and efficiently using satellite-based technology. This technology works by sending a signal from a satellite that is orbiting the Earth, which then bounces off the Earth's surface and returns to the satellite. Satellites use various types of signals for mapping the landscape, but basically all the signals are some form of light. The length of time it takes for the signal to return to the satellite tells the satellite how far away the Earth is, and the satellite can then use that data to map out the features of the landscape. While some satellite-based technology that we use to map the land surface can be used in shallow water, these technologies do not work once for the deeper parts of the ocean, because the water stops the signals from reaching the seafloor. This is why we have such good maps of the moon, Mars and Venus-they do not have oceans, so we can use satellite technology to map them in great detail.
Early seafarers measured water depths using a lead-line. This was a very simple tool, made up of a heavy weight covered in something sticky (usually grease) on the end of a rope. The weight was lowered over the side of the ship until it hit the bottom and then it was pulled back up. The seafarers could tell the weight had hit the seafloor because some sediment would be stuck to the grease, and then they could measure the length of rope that was lowered down, in order to figure out the water's depth. The position where the measurement was taken then had to be calculated using compass bearings and other instruments, such as a sextant. This was not a very accurate method and took a very long time.
During World War II, new technology was developed that allowed ships to accurately measure water depths as they sailed across the oceans [3] . These were single beam echo-sounders, instruments that could be attached to the hulls of ships. An echo-sounder works by sending out a sound signal, or "ping," into the water. This sound travels through the water until it reaches the seafloor. When it reaches the seafloor, it bounces off and reflects back up to the ship, where the echo-sounder records the reflected signal. So, the name "echosounder" actually tells you how it works-it sends out a "sound" (sounder) and listens for the reflected sound, or "echo." This is basically the same thing that happens when you stand in a big empty room and make a noise-the sound bounces off the walls because they are a hard surface, and you hear the echo of the noise that gets reflected back toward you. The time it takes for the signal to reach the seafloor and return to the ship can be used to calculate the water depth. This is done by halving the time between when the sound was generated and when the reflected sound returned and multiplying that time by the speed of sound in water (usually around 1,500 meters per second). Most ships, including small fishing boats, have an echo-sounder on board.
Single beam echo-sounders were a huge improvement in seafloor mapping, but they only allow us to map a line of points across the seafloor. These points can then be used to make basic maps of the seafloor, but there might be big rocks or holes in between the mapped lines that we would not see. In 1964, a company called SeaBeam developed a new technology called multibeam echo-sounders [4] . This system allows the echo-sounder to send out a "fan" of pings (called a swath) into the water, which allows us to accurately map a wide strip of the seafloor as the ship travels along (Figure 1) . We can change the frequency of the sound that is emitted by the echosounder; in order to look for certain features in the water. For example, we can identify smaller targets, such as schools of fish and areas where gas is seeping out of the seafloor to form plumes of bubbles, or flares (Figure 2 ).
ECHO-SOUNDER
An instrument for determining the depth of water below the surface using sound waves Ship mapping the seafloor using a multibeam echosounder. The echosounder works by sending a sound signal into the water. The sound waves travel down through the water column until they hit the seafloor where they are reflected back up to the echo-sounder. By recording the time it takes for the sound to travel down to the seafloor and back again, we can calculate the depth of the water as we know how fast the sound travels. 
UNDERWATER DISCOVERIES AND RECORDS
Mount Everest is the highest mountain on Earth, reaching 8,848 m. This is technically true, as it is the highest mountain when you start measuring from sea level. However, if you start measuring from the seafloor, there are some much higher mountains on earth. The highest of these is Mauna Loa in Hawai'i, which reaches ~9,170 m above the seafloor. Only 4,170 m of this is exposed above the sea surface.
The average depth of the world's oceans is 3,682 m, with the deepest areas found in oceanic trenches. The deepest of these is the Marianas Trench, which reaches 10,994 m below the sea surface. You could submerge Mount Everest in the trench and still have space for Mount Washington or Tongariro as well. You could also fit 13 buildings the height of the Burj al Khalifa, the tallest building in the world, in the trench, stacked end to end (Figure 3) . Surprisingly, you can also find some of the hottest places on earth at the seafloor. Black smokers are vents found above submarine volcanoes, where very hot fluids generated in the Earth's crust reach the seafloor. These can reach temperatures of 400°C and are home to incredibly unique animals, such as clams and tube worms that are not found anywhere else in the world [5] . Many of these interesting underwater features have only been identified and studied in the last few decades, because we did not have the technology available to find them before this.
New improvements to echo-sounder technology mean that multibeam echo-sounders can also be used to find shipwrecks on the seafloor [3] . This technology allows us to image the seafloor in such high resolution that we can actually produce images that show the outline of a shipwreck, down to the small details like the mast. 
